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Abstract. Wireless Sensor Networks are providing tremendous benefit for a 
number of industries. A subset of sensed data collected by these networks is 
presence information. A smart home control system can be designed based on 
presence information provided by all devices or objects in the home, and we 
can act depending on it. For this reason, in this paper we present a Presence-
aware Smart Home System. We explain its components and features that 
facilitate the daily living of person’s own home. 
Keywords: Presence information, embedded devices, wireless sensor networks, 
ambient assisted living, smart home. 
1   Introduction 
Wireless Sensor Networks (WSNs) consist of small distributed sensor nodes capable 
of communicate in a wireless network. WSNs are able to capture a rich set of context 
information (e.g. spatial, physiological and environmental data). In recent years, the 
intensive research of WSNs is enabling a broad range of ubiquitous computing 
applications. These networks are moving beyond mere monitoring of sensed data 
towards its adoption for environments providing active assistance such as Ambient 
Assisted Living (AAL) [1]. Also, there is a variation of WSNs that is rapidly 
attracting interest among research community, namely Wireless Sensor and Actuator 
Networks (WSANs) [2]. In this case, the devices deployed in the environment are not 
only able to sense environmental data, but also to react by affecting the environment 
with their actuators. 
A subset of context information captured by sensor nodes can contain information 
related to user presence. It refers all the determining factors around communication 
between users or devices (such as their availability, willingness, environment, 
preferences, etc). Traditionally, only people use this service by means of personal 
applications such as Instant Messaging (IM). However, presence information [3] can 
also be used by other type of users such smart objects or devices in order to discover 
the availability status, conditions and capacity with the purpose to enhance the 
interaction with each other. In this paper a “smart object or device” refers to anything 
that has specific functionality and is able to compute and communicate on its own. 
Staying well and comfortable, and feeling safe and secure within a person’s own 
home is an important part of life and plays a central role especially in societies that 
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have an increasing proportion of older people. One of the objectives of AAL [1] 
concept is to enable and extend autonomous daily living in a person’s own home also 
when that person reaches an advanced age. In this sense, wireless sensor and actuator 
nodes embedded in a variety of devices such as electrical devices, windows, chairs, 
beds or doors, could interact with each other, depending on presence information to 
perform a specific important action.  
For instance, commonly, older people have a more frequent nightly toilet visit than 
younger people. With pressure sensors that detect when a person is in the bed and 
movement sensors in the bedroom would be possible switch on the lights to create a 
safe path of lights in the home. In this way one can better orientate and find the way 
to the bathroom without risks of falling. That leads to the improvement of the 
personal safety and security. 
Moreover, the presence state of devices can be defined by the interaction with the 
user (e.g. press on button) or detected by a sensor node embedded on the device (e.g. 
gas detector). Therefore, that will provide to many older people the feeling of living 
safely and securely in their own house. 
Fig. 1 shows an example of a scenario where the user is supported to live in a more 
confident, safe and secure way. In this case we assume a smoke sensor has detected a 
fire event, so the actuator nodes switch off immediately the gas service and the 
electricity service. It shows how the home environment is able to detect potential 
risky situations, and perform actions for mitigating the risks.  
 
Fig. 1. A general scenario overview with smart devices 
In this paper, we refer to our system as Presence-aware Smart Home (PASH). It is 
intended to provide safety, security and comfort at home. Also we explain its main 
features and components. The rest of the paper is organized as follow. In Section 2, 
the motivation is described. Next, we describe the components and features of our 
system. In section 4 we discuss the system functionalities and results. Finally, we 
present our conclusions and future work in section 5. 
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2   Problem Description 
In the last years, many interesting systems have been developed in the area of WSN 
for AAL. For example AlarmNet [4] is an assisted-living and residential monitoring 
network for smart healthcare, CodeBlue [5] is a platform for emergency medical care, 
SINDI-WSN [6] describes an intelligent home environment for constant monitoring 
of a patient in a context-aware setting, and Casattenta [7] provides elderly people 
living alone in their house with adequate and non-intrusive monitoring, aimed at 
improving their safety and quality of life.  
Mostly of assisted living systems are based on centralized intelligence model 
where a central component is in charge of gathering the required data from WSNs, 
aggregating data, performing operation and taking decisions to perform an action. 
Nevertheless, this way of working can generate a bottleneck, due to the increase of 
traffic towards the central component, leading to network congestion [8] and thus, a 
low network performance. Therefore, this would result in a delayed taking decision of 
the system to perform an action.  
The features of the network play an important role when we design an AAL 
system. In the case of WSNs where nodes have constrained resources such as: energy, 
bandwidth and computing, AAL systems should provide mechanisms to use these 
resources in an efficient manner. 
In most cases, the sensor nodes could report useless data or with a not appropriate 
data interval to the central component. Generally, these situations are due to the lack 
of notification mechanisms of the central component to inform about the data the user 
is interested in and how often it should be received by the central component. 
Moreover, as various sensor nodes often detect common phenomena, there is likely to 
be some redundancy in the data communicated to the central component. 
In these cases aforementioned, unnecessary packets will be transmitted to the 
network, thus, it also would result in waste of energy, computing and bandwidth 
resources on sensor nodes. All of these issues impact the network performance and 
operation of the assisted living system. 
Nonetheless, this model can be improved using a distributed intelligence model 
where nodes (smart objects or devices) in the system can carry out data processing 
and taking decisions and respond depending on presence information received. In this 
way, there is no need to wait for a command from the central component and also it 
reduces the network traffic towards the central component. Thus it can help to 
conserve the scarce resources, and reduce the response time of the system. 
3   PASH Description 
Taking into account issues discussed in previous section, we describe the components 
and functionalities of the Presence-Aware Smart Home (PASH) system.  
These components use the publish/subscribe communication model to exchange 
presence information. The PASH system is composed of three components as shown 
in Fig.2.  
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Fig. 2. PASH System Components 
1. Central Intelligent Coordinator (CIC): It is a central station node (such as PC 
station). It has at least two network interfaces in order to act as gateway between 
home area network and external network (Internet). The CIC only exchanges 
messages with AIC. Fig. 2 depicts this communication with dash lines (1).  
The CIC is responsible of storing the capabilities (temperature, light, window 
opener, etc) of smart devices or objects (SDO) managed by each AIC, providing 
administration interface for configuring event/action rules. That means that through 
this interface the user can relate the event to be detected by sensor nodes and the 
action that will be performed by the actuator nodes. The CIC distributes this 
information to the smart devices through the respective AIC. 
2. Area Intelligent Coordinator (AIC): It is a node installed per section, area or 
room in the home. It will be always active and connected to household power and 
used to manage the communication between nodes located in the room, with the 
CIC and in some cases with others AIC. Fig. 2 also shows the communication 
between CIC with solid lines (2) and the dash lines (1) depict the communication 
with SDOs.  
The AIC is in charge of locally storing the capabilities (temperature, light, window 
opener, etc) provided by the SDOs. This information will be sent to the 
administration interface of the CIC for configuring the event/action rules as we 
mentioned previously in the CIC component description. The AIC will act as a 
broker for the smart devices or objects in its room. That means, it is responsible of 
storing the status (presence information) of the SDO’s capabilities and dispatching it 
to interested parties (i.e., others SDOs) in its area or in some cases to CIC or others 
AIC. Besides, the AIC is responsible for data aggregation and reports on demand any 
information requested for monitoring or administration tasks to the CIC. 
3. Smart devices or objects (SDO): They are nodes used for detecting events, 
sensing the environment and performing actions. They are commonly positioned in 
objects such as windows, doors, chairs, etc. In these cases they are battery-powered 
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nodes, so efficient energy use is an important issue to consider in these kinds of 
nodes. On the other hand, there are also nodes embedded on electrical devices, so 
they use the energy power supplied by it. The SDOs only exchange messages with 
their corresponding AIC in the area. The circle dotted lines (3) in Fig. 2 depict this 
situation. SDOs are responsible of registering its capabilities in the AIC, publishing 
and receiving the interested presence information, and performing a corresponding 
action. 
4   System Discussion 
As we aforementioned, the communication between components of the PASH system 
is based on the publish/subscribe communication paradigm [9] [10]. This is used to 
publish and receive event information (presence information) of SDOs in order to 
perform an action for the safety, security and comfort of the people at home. 
Unlike traditional publish-subscribe model [9], PASH system is based on 
distributed publish-subscribe architecture where there are several AIC components 
located in the different areas, sections or room of the home. 
As we mentioned in previous section, each AIC acts as a broker between the SDOs 
intended to communicate. It means that presence information is only transmitted to 
AIC responsible in the area. Then, this one processes information and sends to the 
interested SDO located in the same area. We can see this situation on Fig. 3. For 
instance, the lights are switched off when nobody is seated in the chair and movement 
is not detected in the living room. In this case the pressure sensors on the chair (SDO) 
and movement sensor (SDO), both publish presence information to respective AIC on 
the living room, and this one processes and transmits it to interested actuator node in 
the lamp to switch off the lights. This way, the AIC reduces dependencies between 
interested parties (SDOs), since a SDO interested on event (presence information) do 
not need to know who is the SDO publishing presence information or the amount of 
SDOs that publish this information. 
On the other hand, the PASH system allows the communication between AICs, in 
order to exchange presence information between two areas. That means that AIC 
exchanges messages with other AIC in behalf of any SDO of its area. For instance, 
(Fig. 3), when a visitor rings the doorbell his/her image is transmitted to the TV that 
person is watching in the living room. To achieve this objective, the doorbell (SDO) 
transmits its presence information (“on” or “activated”) to its corresponding AIC, this 
one processes information and transmits it to the respective AIC where the interested 
SDO (TV) is located. These ways of working allow that only the necessary traffic of 
data flows through the network, whereas the local traffic is isolated in each area 
managed by AIC. This is a relevant feature to improve system performance. 
PASH system is able to automatically detect new SDOs. That is depicted in Fig 4. 
When a new SDO enters into the network, it broadcasts a discovery request message (1) 
to find the AIC in the area. The AIC broadcasts a discovery reply message (2) with 
information needed for the SDO to establish a connection with the AIC, as shown in 
Fig. 4. When connection is established between them (3), the SDO automatically 
registers (4) its capabilities (temperature, light, window opener, etc.) to the AIC in the 
area. Then, the AIC reports (5) to the CIC for configuration through administration 
interface. 
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Fig. 3. PASH’s general architecture concept 
 
Fig. 4. Example of AIC Discovery, SDO Registration and Report to CIC 
PASH system addresses the energy efficiency of the nodes by performing two 
types of data aggregation [11] depending on the type of component, either AIC or 
SDOs. In the AIC component, the event publication (presence information) received 
from SDOs will be aggregated (e.g. by configurable function: average, min, max, 
status, etc) and will be transmitted in case of data is aggregable. In this case, only one 
packet will be sent to the interested SDOs. On the other hand, SDOs will not transmit 
event information to the AIC until a timer expires. They will aggregate in a single 
message all publication events produced during the timer period and will create only 
one packet to transmit to the AIC. This technique results in reducing the number of 
transmissions and thus energy saving of the node. However, there is a tradeoff 
between the number of transmissions and the delivery delay, since the more the 
number of gathered data; the less is the number of transmissions. Nevertheless, 
waiting for more data, it increases the delivery delay resulting in delayed action for 
the system. This issue is addressed by PASH system, therefore this technique only is 
applied in situations where network congestion is detected or when an application 
parameter has been defined by the user. 
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For monitoring purposes, the PASH system provides a mechanism for querying 
information in the whole network. This task is carried out through the CIC that is able 
to query each AIC about the presence information of any SDO in its area. All of this 
information can be accessed through the administration interface at the CIC. 
Therefore, this system provides to the user an easy central view of the SDO in the 
smart home. In addition, authorized users can access the administration interface from 
external network for remote monitoring, as shown in Fig. 3. 
The first evaluations of the PASH system are carried out using the INETMANET 
Framework [12] of the OMNET++ Simulator [13]. The simulation environment setup 
consisted of one CIC component and two AIC components with three SDOs each one. 
Two SDOs from different AIC exchange presence information, the rest of SDOs do 
the same between the others SDOs through the AIC in the same area. The results 
showed that the PASH system is suited for providing presence information between 
smart devices or objects, reducing the traffic flowing in the network around 39%. This 
shows that the most of the traffic is isolated in each AIC. We are building more 
scenarios to test the PASH system in different conditions. 
5   Conclusions 
In this paper, we have presented the PASH system designed for home control in an 
efficient and easy way. We also show that presence information provided by WSN 
nodes embedded on devices or objects can be used to perform action to facilitate the 
home living. That provides older people the feeling of living safely and securely in 
their own home. 
The PASH system addresses the energy efficiency of WSN by providing several 
mechanisms to reduce the traffic in the entire network through data aggregation. 
Unlike other projects, the PASH system distributes the intelligence among smart 
objects or devices and isolates the traffic by room or home area. Moreover the PASH 
system provides an easy way to configure and manage devices through devices by 
means a discovery mechanism. The publish/subscribe communication model used by 
the PASH system allows scalability and flexibility, because of smart objects or 
devices publishing presence information do not need to know the details of the other 
devices interested in this information. At the present time, more results are being 
obtained by simulation. We intend to concentrate our efforts in building and testing a 
hardware/software prototype. 
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